We collected the hand anthropometric data of 91 respondents to come up with a Filipinobased measurement to determine the suitability of an input device for a digital equipment, the standard PC keyboard. For correlation purposes, we also collected other relevant information like age, height, province of origin, and gender, among others. We computed the percentiles for each finger to classify various finger dimensions and identify length-specific anthropometric cut-points. We compared the percentiles of each finger dimension against the actual length of the longest key combinations when correct finger placement is used for typing, to determine whether the standard PC keyboard is fit for use by our sampled population. Our analysis shows that the members of the population with hand dimensions at extended position below 75th percentile and at 99th percentile are the ones who would most likely not reach the longest key combination for the left and the right hands, respectively. Using machine vision and image processing techniques, we automated the anthropometric process and compared the accuracy of its measurements to that of manual process'. We compared the measurement generated by our automated anthropometric process with the measurements using the manual one and we found out that they have a very minimal absolute difference. The data collected from this study could be used in other studies such as determining a good design for mobile and other handheld devices, or input devices other than keyboard. The automated method that we developed could be used to easily measure hand dimensions given a digital image of the hand and could be extended for measuring the entire human body for various other applications.
Introduction
Among the many parts of the human body, the hand is unique in being free from repetitive locomotor duties that are usually done by the legs, eyelids, jaw, and other body parts with repetitive and habitual functions. In fact, the human hand is devoted entirely to functions of manipulation, which it does effectively due to the special anatomical configuration of its bones and muscles. The structural configuration of the human hand allows the opposing action of the thumb surface to the corresponding surfaces of the other four fingertips. Controlled by a highly evolved nervous system, the human is one among the few species on Earth known to be capable of executing a firm grasp (Begliomini et al., 2008; Cutkosky and Howe, 1990; Markze, 1971) . Because of this, the hand has become an indespensable part of the human body for controlling and effecting changes on the environment, either with or without the aid of tools.
The proper dimension of hand-controlled devices, such as computer input devices, is an important aspect of a product's design process. The user's impression about a product P A while she 1 is using it, in effect, determines her satisfaction level on P A . In fact, studies (Melcher et al., 2003; Wong and Pang, 2005) show that the success of any product P B in the market depends solely on the satisfaction of the end user while using P B , rather than on P B 's technological development. Here, user satisfaction can be seen as the sum of a user's feelings and attitudes on factors affecting the use of P B (Bailey and Pearson, 1983) . Thus, the success or failue of any product is dependent on the end user's satisfaction. A key element affecting user satisfaction with a computer input device, such as a keyboard, is its ergonomics. The industrial and mechanical designers face a challenging task in fitting the keys and other components into an appealing, ergonomic and durable product that is of the right size of the majority of the population of the target market.
A good design may increase the productivity of users, as well as their comfort, in using input devices. To be able to achieve satisfaction in using these devices, there is a need to come up with an ideal measurement that would not strain the human's body parts used to control the devices. Due to the race-based variability (induced by gene × environment interaction) in human's anatomical features, there is no one-size-fits-all device that one can create for the global population. Thus, designers must customize the device according to the dimensions of the body parts of the majority in a local population. A scientific way to do this is to conduct a meticulous and time-consuming process of surveying the lengths of the body parts of the human users. This scientific way of measuring the body lengths of human individual is called anthropometry, derived from the Greek words "anthropo" and "metron" that mean "human" and "measure," respectively (Ulijaszek and Mascie-Taylor, 1994) . Based on our literature review, aside from few studies conducted for Filipinos (Amongo et al., 2010; Del Prado-Lu, 2007; Novabos, 2010 Novabos, , 2012 Timoteo-Afinidad, 2010) , there is no anthropometric database that exists as of this writing that reflects the measurements of Filipino body parts for use in designing hand-held digital devices. In fact, most digital devices that are available in the Philippine market have been imported from other countries. In the absence a Filipino-based anthropometric database, these imports were designed with the anthropometric data, either of the population of the originating country at the worst, or that the importers used neighboring countries' data they assumed to have approximated the Filipino measurements at the best. In effect, most devices that enter the Philippines do not comfortably fit into the majority of the Filipinos' hands, sacrificing user comfort, usability, and safety.
In this study, we conducted an anthropometric survey of the hands of 91 college students known to have come from different parts of the Philippines. Our purpose is to come up with an initial profile of users that may be used to design keyboards that will fit Filipino groups based on gender, age, and type of location of origin. To provide solution to the time, consistency and accuracy problems brought about by manual anthropometric process, we developed a computer-based anthropometry by combining techniques in machine vision and digital image processing in the hope of furnishing surveyors a fully-automated system that is fast, yet provides consistent measurements. Here, we obtained a total of 14 linear measurements, seven for each hand including the five fingers, and two hand positions used in conducting the key combination with the longest linear distance, as shown in Figure 1 .
We present in this paper our contributions to the field of anthropometry:
1. A data supporting our claim that the manual hand anthropometric process, however strictly "enforced," would still result in accuracy and consistency problems; Figure 1 : The seven linear measurements conducted for a hand, where the five linear measures are the five finger lengths and the other two are the linear measures between the fingertips of the pinky and the thumb when the hand is relaxed and extended. The codes F1, F2, F3, F4 and F5 correspond to the linear measures of the pinky, ring, middle, index and thumb fingers, respectively, and are defined in Table 4 . PIR and PIE are the codes for the linear measures between the tips of the pinky and the index when the hand is relaxed and extended, respectively.
2. An automated hand anthropometric process, whose measurement is still within the surveyors' measurement, when the surveyors are not yet susceptible to human-induced errors;
3. The anthropometric data of the hands of Filipinos based on gender, type of location of origin (i.e., rural or urban), age group, height, and weight; and 4. Mathematical equations that provide the various hand measurements as a function of the person's height.
Literature Review

Purpose of Hand Anthropometry
In practical design of devices, anthropometric surveys are usually done extensively in industries where devices must fit the workers hands for the purposes of increasing productivity, assuring comfort, and guarding the safety of the workers. Before a device is designed, anthropometric surveys are done on a group of people who share common characteristics, such as those belonging to specific locations, those with the same occupation, or those of the same gender or age group (Hall et al., 2006) . In most of these surveys, different body parts are measured depending on the survey's objectives (Preedy, 2012) . For example, the purpose of conducting an anthropometric survey of the hand is to aid in the optimization of hand-held devices, such as the one conducted for Jordanians by Mandahawi et al. (2008) . In this example, the authors presented the anthropometric results obtained from 120 female and 115 male adults from different cities in Jordan. They used some statistical tests to analyze the results and compared these with the results for other nationalities. Similar to one of our objectives, their data were aimed to influence the design of industrial tools imported to Jordan from other industrialized countries. Aside from industrial purposes, hand anthropometric data were also used to design hand-held devices like mobile phones with "user satisfaction" as one of the main objectives. In 2007, Balakrishnan and Yeow (2007) determined that hand measurements and gender are factors in the user satisfaction of Short Message System (SMS) devices. Additionally, keypad sizes of mobile phones were collected and they found out that the females were more satisfied with the keypad sizes than the males. They recommended that the handheld devices must have larger keys and wider spaces between keys to accommodate those who have larger hand and finger sizes. The data they have collected could be used in designing mobile phone keypads and personalized mobile phone devices.
Just like the work of Balakrishnan and Yeow (2007) , gender issue could also be one among the many goals of anthropometry. For example, Amongo et al. (2010) conducted an anthropometric survey where they measured a total of 38 body lengths of 284 women sampled in CALABARZON area. Their study was generally aimed to empower women in their participation to agricultural production processes. Their data is the first step toward "gender equality" because it establishes an anthropometric profile of CALABARZON women farmers, which in turn will serve as a database for future design and fabrication of gender-neutral agricultural machineries.
Other Anthropometric Studies
There are many more applications of anthropometry that have been proven practical for some other fields of study. In the field of medicine, for example, quantitative comparison of anthropometric data with patients measurements before and after surgery provides the information needed by medical doctors for planning of and assessing the need of plastic and re-constructive surgery (Farkas, 1994) . In the domain of forensic anthropology, on the other hand, anthropometry-aided "guessworks" on likely measurements are important factors in the determination of individuals' appearance from their remains (Farkas, 1994; Rogers, 1984) . In the area of recovering missing children, anthropometric databases and the missing child's photographs are used in aging the child's appearance to infer what she would look like after so many years of being separated from her family (Farkas, 1994) . In the domain of entertainment computing, anthropometry is used to aid in the construction of face models for computer graphics applications, for creating life-like avatars in Computer-Generated Imagery (CGI)-based films, and for three-dimensional animation, among others (DeCarlo et al., 1998) .
There are many more examples of human-factors analyses and practical applications of anthropometry that can be found from the literature. For a comprehensive survey on these, the reader is directed to the work of Dooley (1982) . Most of the works surveyed here resulted into creating guides to help design products to fit most people. In general, however, anthropometric data is needed because it provides information on a range of enterprises that depend on knowledge of the distribution of measurements across human populations. 
Problems in Manual Anthropometry
All of the above example studies used manual procedures in obtaining the hand measurements. The manual process takes quite a longer time because the anthropometric surveyors follow a strict and meticulous process (see (Greiner, 1992) and (National Health and Nutrition Examination Survey, 2007) for examples). Even though the process requires the human surveyors to be extremely careful and precise, the process is still realistically prone to human errors. If several surveyors are taking the measurement of a population sample, the surveyors themselves will introduce inconsistencies to their measurements. This is because one surveyor's standard and baselines for measurement can be different from another's, even if they meticulously follow the written process, and even under supervision. In this paper, we provide supporting data to this claim. We show that when five different surveyors S 1 , S 2 , . . . , S 5 measure the length of each of the ten fingers of one person P 0 , at least 0.1 cm discrepancy is introduced in the database. Inconsistency arise when we do not know whose measurement is the correct one. But why hire multiple surveyors when hiring only one surveyor to conduct the survey for all the n samples P 1 , P 2 , . . . , P n is an intuitive solution to the inconsistencies brought about by multiple surveyors? The answer to this that using one surveyor may also introduce accuracy problems. A surveyor who does the job of many, given a short amount of time, may get tired easily. Additionally, she may introduce short-cuts to the meticulous process so that she can measure more samples in a short amount of time. Again, we show in this paper the result of repeatedly measuring the finger lengths of one subject by one surveyor within two hours in 30-minute intervals. Here, inconsistencies were observed although some fingers were measured with the same value. The bottom line of all these is that using human surveyors, whether conducted solely by a lone surveyor or by many surveyors, has serious consistency and accuracy problems. Knowing that machines seldom get "tired" and can work at the same pace for long periods of time, automating the manual process should be the most logical solution to these problems.
Semi-automating the anthropometric process is of course not a new solution. Instead of the surveyors eyeballing the measurements with the aid of a linear ruler (usually, a caliper or a ruled straight edge), some surveys used simple digital machines in order to automatically obtain the hand measurements. For example, Mandahawi et al. (2008) used an electronic digital caliper (e.g., see Figure 2 ) to measure the twenty four hand dimensions included in their survey. However, the digital caliper is also manually-operated since it is just like a linear ruler but more accurate in measuring inside or outside diameters because it does not require a surveyor to perform an eyeball estimate. Therefore, a system that would provide full automation of the anthropometric process is needed so that the process of gathering anthropometric data is simplified, while the measurement process is both efficient and consistent.
Problems in Manual Hand Anthropometry
We claim in this paper that the manual hand anthropometric process, even though strict adherence to the meticulous procedure is followed by the surveyors under supervision, is still susceptible to accuracy and consistency problems.
Accuracy Problem
The accuracy problem arises when m > 0 surveyors, S 1 , S 2 , . . . , S m perform the hand anthropometric survey on a sample population Φ of n >> m subjects, where Φ = {P 1 , P 2 , . . . , P n }. Ordinarily, each surveyor S i is assigned n/m subjects and that the sub-population φ i ⊂ Φ of subjects assigned to S i is unique to her (i.e., Φ =
. However, we contend that when all surveyors S i , ∀i = 1, . . . , m, measure the same set π ⊂ Φ of k subjects π = {P 1 , P 2 , . . . , P k }, the measurements m i,j , ∀i = 1, . . . , m will be different, ∀j = 1, . . . , m. That is, the pairwise absolute difference between the measurements m x,j and m y,j of surveyors S x and S y , respectively, on subject P j ∈ φ is statistically non-zero for some significance level α = 0.05, ∀x, y = 1, 2, . . . , m, x = y. This means that |m x,j − m y,j | > 0, which implies that the surveyors are not accurate in measuring P j .
Consistency Problem
Consistency problem arises when the surveyors measure the subjects in π repeatedly over a long period of time. That is, if a surveyor S i repeatedly measures P j ∈ π every ∆t within a time span of T , her measurements m i,j,t will vary. This variability can be attributed to tiredness because the task was done during a long period of time T , and boredom due to the repetitive nature of the task. Thus, if |m i,j,t − m i,j,t+δt | > 0, ∀t ∈ [0, T ], then S i is not consistent in measuring P j within T . Note here that S i would have measured P j T ∆t + 1 times within T .
A Two-factor Experiment
To test the claims that we made above, we let m = 5 surveyors manually measure the finger lengths of both hands of each of n = 91 subjects following the meticulous process outlined in Greiner (1992) . For T = 2 hours, a set of |π| = 5 subjects was repeatedly measured by the surveyors at an interval of ∆t = 30 minutes, all of these while the surveyors are measuring the rest of the 86 other subjects once. For each subject, the surveyors measure the lengths of the pinky, ring, middle, index, and thumb fingers of both hands, following the general measurement (interaction) model for each finger shown in Equation 1. In the model, µ is the overall mean of the measurements averaged across Φ, S, and τ , while P j is the variability brought about by the jth subject, S i is the effect of the ith surveyor, τ is the effect of time on the measurement, and ǫ is the effect of a random error committed by the ith surveyor when measuring the jth subject at time t.
In the above model, the term [S × τ ] i,t depicts the interaction effect between the surveyors and the different times of measurement. We used a two-factor factorial analysis of variance (ANOVA) to test the following null hypothesis about the measurements of the subjects in π: Hypothesis 1 Accuracy-Consistency -The pairwise difference between the respective mean measurements m x,j,t and m y,j,t of two surveyors S x and S y on subject P j ∈ π at time t is not different from zero at α = 0.05. That is, |m x,j,t − m y,j,t | = 0, ∀x, y = 1, 2, . . . , m, ∀j = 1, 2, . . . , |π| and ∀t = 1, 2, . . . , T . This means that the term
In case that the term [S × τ ] i,t = 0 at α = 0.05, the above model reduces to an additive model, and the same ANOVA tests the following null hypotheses:
Hypothesis 2 Accuracy -The pairwise difference between the respective mean measurements m x,j and m y,j of two surveyors S x and S y on subject P j ∈ π is not different from zero at α = 0.05. That is, |m x,j − m y,j | = 0, ∀x, y = 1, 2, . . . , m and ∀j = 1, 2, . . . , |π|. Alternatively, it means S i = 0.
Hypothesis 3 Consistency -The pairwise difference between the mean measurements m i,j,tx and m i,j,ty of S i on subject P j ∈ π over time T is not different from zero at α = 0.05. That is, |m i,j,tx − m i,j,ty | = 0, ∀t x = t y and ∀j = 1, 2, . . . , |π|, which, in other words, means τ t = 0. Table 1 shows the ANOVA table for the right thumb length as measured by surveyors S 1 , S 2 , . . . , S 5 over a course of T = 2 hours. Without loss of generality, it suffices to show that both accuracy and consistency problems exist in the manual hand anthropometry if only one finger exhibit the rejection of the null hypothesis that [S × τ ] i,t = 0. Although the ANOVA of all fingers exhibit a similar result as that shown in Table 1 , we will only show and discuss the result for the right thumb. We chose the thumb because it is one of the fingers involved in the difficult key combinations when using the standard keyboard, while the right hand was chosen because most of those that we surveyed are right-handed. Based on the table, the interactive effect factor [S × τ ] i,t is highly significantly different from zero at α = 0.001. This means that the surveyors themselves have mean measurements that are different from each other for the right thumb at any time t. Having the factor [S × τ ] i,t = 0 means that the surveyors have introduced the accuracy and consistency problems in their measurements. measurements using the multiple range test (DMRT) developed by Duncan (1955) . Each bar in the figure corresponds to the mean measurement in centimeters by surveyor S i , ∀i = 1, 2, . . . , 5. The bars with the same color are the measurements conducted at the same time such that all red bars were measured at time t = 0, all blue bars at time t = 30 minutes, and the subsequent similarly colored bars at a time interval of 30 minutes thereafter. The letters on each bar corresponds to the group of mean measurements where the differences of the measurements are not different from zero at α = 0.05 according to DMRT. Differently grouped mean measurements are those whose differences are significantly different from zero at the same α.
Result
As seen in the figure, all red bars belong to the "i" group which means that the respective measurements of all surveyors did not vary significantly with each other at time t = 0. After t = 30 minutes, except for S 1 , all surveyors have significantly different measurement from theirs at t = 0 owing to the higher groups that their respective measurements belong according to DMRT. Here, S 1 and S 2 have statistically the same measurements, which are different from that of S 3 's, S 4 's, and S 5 's. At t = 60 minutes, except for S 2 , all surveyors have significantly different measurements from their measurements at t = 0, while S 1 , S 3 , and S 4 have measurements that are statistically the same with each other and at the same time different from that of S 1 's and S 5 's. At t = 90 minutes, S 1 and S 3 exhibited the same measurements, as well as that of S 1 and S 5 , but not between S 3 and S 5 . S 2 and S 4 , likewise, exhibited the same measurements. At t = 120 minutes, the measurements of S 2 and S 4 are not statistically different from their respective measurements at t = 0. S 3 and S 5 have exactly the same measurements, but are statistically different from that of S 2 's and S 4 's. The measurement of S 1 is the highest among the five at this time, and is significantly different from all of them.
Doing the same DMRT analysis for all the fingers, we found out that all mean measurements at t = 0 are grouped together at α = 0.05, although we are not showing the visualization here for the interest of space. We found out, however, that the surveyors at t = 0 exhibit accurate measurements.
However, at all t > 0, the measurements of the surveyor on each finger have significant variability. We speculate here that the variability is brought about by the human factors in performing manual tasks, such as boredom due to the repetitive nature of the task, as well as tiredness, because the task has been done by the surveyors for a long time. At t = 0, we can safely say that the surveyors are not yet affected by boredom and tiredness, and so their respective measurements are still statistically accurate. Thus, we can use these measurements as a basis to compare the result of our automated system.
Hand Anthropometry
Demography of Respondents
We considered a total of n = 91 tertiary students from a national university, where most students generally came from different regions in the Philippines. Because of this, they were also asked about their places of origin or the province where they came from, and whether their places of origin is considered of urban or of rural type, aside from the standard information such as age, gender, weight and height. Asking the respondents about the type of their places of origin is important in determining the general characteristics of the measurements of their hands because of the obvious differences in the rural and urban lifestyles. Students in the rural area are generally considered to have larger or longer hands due to exposure to manual work compared to those in urban area who are considered to have limited exposure to manual tasks.
We randomly selected these students from various groups whom we know to use computers most of the time. Although most respondents were BS Computer Science students, because they used computers in almost all of their subjects, we have also selected students from other courses that had computer laboratories in one or more of their subjects. The sampled population composed of mostly sophomore, junior, and senior students. Upon obtaining informed consents from all the respondents, we measured the finger dimensions of each hand of 41 male and 50 female students following a meticulous and strict procedure similar to the one outlined in Greiner (1992) . 
Manual Measurement
We manually measured the respective lengths of the five fingers of each hand using a graduated straight rule. We measured the finger lengths by placing the ruler at the approximate middle of the finger along the finger length. We defined each finger length as summarized in Table 4 . We also measured, for both hands, the linear length created by a combination of two fingers used by human typists when pressing the longest two-key combinations. A two-key combination is done by pressing two keys of the keyboard at the same time. These key combinations are the SHIFT-5 key combination for the left hand, and the SHIFT-6 key combination for the right hand. Following the standard finger assignments for keys (Figure 8 ), the fingers used to perform these combinations for either hand are the pinky and the thumb. For each hand, we measured two linear lengths of the pinky-thumb combination: (1) when the two fingers are relaxed, and (2) when the two are extended, which are the PIR and PIE in Table 4 . In PIR, the user is at her most comfortable when conducting the key-combination with the longest linear length, while PIE is when she is straining too much just to make the combination. This is of course assuming that the key combination can be made by at least the PIE. Intuitively, it is much more difficult for a person to conduct the key combination when even the PIE is not enough to make it.
Acquisition and Preprocessing of Hand Images
After we manually measured the finger lengths, we captured the hand images using a digital color camera, with both relaxed and extended fingers. Thus, we collected a total of four hand images per respondent. Figure 4 shows examples of the hand images of one respondent. In each color image I c , we included a 5 × 5 cm 2 square which we used as our reference for computing the actual finger dimensions. We also used this reference square for transforming the image (e.g., scaling and rotating) when the reference is not a perfect square due to differences in camera angles and other unaccounted variances during the image acquisition. Given the pixel coordinates (x ul , y ul ), (x ur , y ur ), (x lr , y lr ) and (x ll , y ll ) of the upper left, upper right, lower right and lower left corners, respectively, of the reference square, the reference is a perfect square if and only if x ul = xll, x ur = x lr , y ul = y ur , y ll = y lr , and x ur − x ul = x lr − x ll = y ur − y lr = y ul − y ll .
We converted the I c into gray-scale images I g , and then we applied the median filter to I g to remove the noise. We then converted I g into a binary image I 2 using thresholding. We applied erosion to I 2 to further remove the noise brought about by I g -I 2 conversion, while at the same time, we applied dilation twice so that the shape of the foreground object (i.e., the hand and the reference square) is, as much as possible, retained. 
Code Finger Definition
F1 Thumb
From the tip of the thumb to the line found at the root of the finger when palm is facing up, measured for both left and right hands
F2 Index
From the tip of the index finger to the line found at the root of the finger when palm is facing up, measured for both left and right hands
F3 Middle
From the tip of the middle finger to the line found at the root of the finger when palm is facing up, measured for both left and right hands
F4 Ring
From the tip of the ring finger to the line found at the root of the finger when palm is facing up, measured for both left and right hands
F5 Pinky
From the tip of the pinky finger to the line found at the root of the finger when palm is facing up, measured for both left and right hands PIR Pinky-Index (relaxed) From the tip of the pinky finger to the tip of the index when the hand is relaxed, measured for both left and right hands PIE Pinky-Index (extended)
From the tip of the pinky finger to the tip of the index when the fingers are extended, measured for both left and right hands
Automated Measurement from Images
Our discussion of the automated process will be aided visually by Figure 5 , which shows our procedure for automatically obtaining the finger measurements from I 2 . To be able to get the lengths of each finger defined in Table 4 , we have to locate first the extrema points (i.e., fingertips and valley points) using I 2 . From I 2 , we determined the coordinates of the boundary of the foreground image using a simple row-wise horizontal scan. We saved these coordinates in an array C = {(x, y) ∈ Z + }, arranged in such a way that the profile of the foreground is as if being traced index-wise by C.
We selected a reference point C r = (x r , y r ) along the wrist as shown in Figure 6 by computing for it using the first and last array elements of C as follows C r = (⌈
For all points C i ∈ C (i.e., ∀i = 1, 2, . . . , |C|), and in the order of the index i, we computed for the cartesian distance D i between C r and C i :
Our theoretical basis for marking the five fingertips and four valley points is to analytically compute for all is where dD di = 0. However, this is not possible because we do not know the function that describes D i . However, we did it by numerically choosing all indexes i when |D i − D i−1 | < σ, where 0 < σ < 1 is some threshold value. In this numerical method, we first found a fingertip (either that of the thumb or the pinky), followed by a valley point, and then another fingertip, in that order.
We needed the valley points to determine the baseline for each finger. However, from those four valley points, we can only determine the baselines for two fingers: the middle and the ring fingers. The thumb, index, and pinky fingers do not have an opposing valley point, respectively. For the fingers that do not have an opposing valley point, we found a point along the profile of the hand that will form an isosceles triangle with the valley point and the finger tip (see Figure 7) . We then determined the midpoint of these baselines after having determined the baselines of all fingers. The distance between and fingertip and baseline midpoint is the approximated finger length. Using a simple ratio and proportion, we computed for the actual length of the finger using the dimensions of the reference square.
The program was run and the hand dimensions of the finger in both left and right hands were recorded and summarized. A Table 5 summarizes the mean and standard deviation of the actual hand measurements and the output of the program. The mean absolute difference between the actual hand measurements and the program output was computed by getting the average of the absolute differences of the actual data and the program output, as in equation 2. The mean of the actual measurements and the measurements given by the program for the fingers differ by at most 0.73 centimeters.
kjhmagno&jppabico/uplb/towards input device satisfaction... In the equation above, y 1 is the actual measure, y 2 is the measure given by the program and n is the number of samples.
Anthropometric Data of Filipinos
We discuss in this section the percentile values (1st, 5th, 25th, 50th, 75th, 95th and 99th) of the finger lengths (F1, F2, . . . , F5), as well as the PIR and PIE of both hands of the surveyed population. As suggested by Mandahawi et al. (2008) , the extreme percentiles (1st, 5th, 95th and 99th) are particularly helpful statistics because they influence the ease of use and the suitability design parameters of the equipments. He warned, however, that the hand measurements that fall in these percentile ranks should carefully be used. For example, if the design of the input device is leaning towards those who are in the lower percentile, the device design might be too small for those who are in the middle and high percentiles. However, if the design is leaning towards the higher percentile ranks, those in the lower rank might not be able to use the input device at all since the size might be too big for them. PIR and PIE are helpful measures in determining the sizes of each key in the keyboard and the total dimension of the keyboard itself since this determines if the user will be able to reach the keys, especially if key-combinations are needed to be pressed when typing. Table 6 shows the actual dimension of the keyboard key combinations with the longest range. We obtained the dimensions by measuring using a ruled straight edge the linear distance between the respective centers of the keys in a standard 45cm-wide desktop keyboard. This is also illustrated in Figure 8 . Figure 9 summarizes the measurements of left and right PIE and PRE for all samples. When the figure is compared against Tablereftab:keyboard, it is clearly seen that samples below 99th percentile will not reach the longest key combination (SHIFT-5) when the left hand is relaxed and those below 50th percentile will not be able to reach the same keys, as well as the combinations SHIFT-T and SHIFT-G when the hand is extended. Only the population above 95th percentile when the left hand is relaxed and above 25th percentile when it is extended will reach SHIFT-B (the shortest key combinations. Samples below 99th percentile will not reach the longest key combinations (SHIFT-6) when the right hand is relaxed or even extended. Samples above 95th percentile when the right hand is relaxed and above 75th percentile when the hand is extended will reach SHIFT-N and SHIFT-H. Only those above 95th percentile when the right hand is extended will reach SHIFT-Y. Figure 10 shows the box and whisker plot of the samples according to the gender. The measurements shown in this figure are PIR and PIE. Comparing this figure to Table 6 shows that female samples below 99th percentile will not reach SHIFT-6, SHIFT-Y and SHIFT-H. Only those that fall above 99th percentile will surely reach SHIFT-N when the right hand is extended. Female samples that fall below 99th percentile will not reach SHIFT-5 when the left hand is relaxed and those that fall below 75th percentile will not reach the same keys when the hand is extended. When the left hand is extended, male samples above 25th percentile will reach SHIFT-T, SHIFT-G and SHIFT-B.
All Samples
Samples by Gender
Only those that fall above 95th percentile will surely reach the key combinations SHIFT-B when the same hand is relaxed. Relaxed left hand of male samples will not reach SHIFT-5, however, those above 25th percentile will reach the same keys when this hand is extended as well as keys SHIFT-T, SHIFT-G and SHIFT-B. All male samples will not reach SHIFT-6 when the right hand is either in relaxed or extended position. Samples above 95th percentile when the right hand is relaxed SHIFT-H and SHIFT-N and those above 75th percentile when the hand is extended will reach the same keys when the hand is extended.
Samples by Type of Location
Samples from urban area that fall below 99th percentile will not reach SHIFT-6 whether the hands are in relaxed or in extended position as seen in the box and whisker plot of left and right PIE and PIR of samples according to their place of origin ( Figure 11 ). Similarly, those from rural area whose PIR is below 99th percentile will not reach even the shortest key combinations and the samples below 75th percentile of the extended hand will not reach the same key. Samples from urban area will that fall below 95th percentile both for extended and relaxed right hand will not reach the shortest key combinations as well. Relaxed left hand of samples both from rural and urban area will not reach SHIFT-5 while those below 75th percentile will not reach the same key combination. Only those above 99th percentile will reach SHIFT-B when the left hand is relaxed Figure 12 : Double-box and whisker plot of left and right PIR and PIE of the population by age group.
for samples from both urban and rural areas. Extended left hand of same samples that fall above 50th percentile will reach key combinations SHIFT-T, SHIFT-G and SHIFT-B Figure 12 shows the box and whisker plot of the data grouped by age for PIE and PIR. Samples whose age is 17-18 are classified as early teens and those whose age ranges from 19-21 are the late teens. Early teen samples whose relaxed left hand falls below 99th percentile will not reach even the shortest key combinations (SHIFT-B), but if the same hand is extended, only the samples below 55th percentile will not reach the same keys and those below 25th percentile will not reach the other key combinations. Early teens that fall below 99th percentile will not reach SHIFT-6 when the right hand is relaxed or extended. Those below 95th percentile when the right hand is relaxed will not reach SHIT-H and SHIFT-Y and those below 95th percentile will not reach SHIFT-Y when the same hand is extended. For the late teens, those whose left PIR will not be able to reach even SHIFT-B. Those above 75th percentile will reach all key combinations the hand is extended. All late teens below 99th percentile will not reach SHIFT-6 and the relaxed right hand will not be able to reach SHIT-Y, SHIFT-H and SHIFT-N. The late teen samples whose right extended hand falls below 99th percentile will not reach SHIFT-Y and SHIFT-H and those that fall below 95th percentile will not reach SHIFT-N.
Samples by Age Group
Conclusion
Hand anthropometric survey is essential especially in designing equipments and devices to minimize damage and to improve ease of use, safety and comfortability. The hand anthropometric data collected from 91 UPLB students were summarized and compared against a standard desktop keyboard and the correct placement of hands when typing. The combinations of keys with the longest range were compared against PTE. The lower percentile of the population was found out to not be able to reach the specified key combinations given the correct placement of the hand. A good keyboard design takes into account the possible users. A 48 centimeter wide keyboard or a standard desktop keyboard is fit for most of the samples. To be able to create a keyboard design to fit most of the users, the 25th, 50th and 75th percentiles must be considered.
Automatic hand anthropometry is a great help in the consistency of the measurements of the hand since this is done by a machine or computer. The image captured from the samples is used as an input to the program that automatically computes for the hand dimensions specified in Table 4 . The program outputs displayed a very minimal error when compared to the actual hand measurements. This method is more efficient when it comes to time, effort and resources like people doing the survey. Also, the machine never gets tired, unlike people do, that's why taking the measurement of the hand dimensions is more consistent.
Recommendations
The hand anthropometric data gathered from the students can further be used towards designing mobile and other hand-held devices and other input devices. The method for automatic hand anthropometry can further be improved to further minimize the error and this can be extended to measure the lengths of other body parts and to be used for other applications. 
